An acidic nucleolar phosphoprotein with a subunit M, of 70,000 was purified as an a parent dimer of 139,000 from isolated nuclei of the slime mo sarum polycephalum. The protein was purified without the aid of strong dissociating agents after its selective phosphorylation in isolated nuclei by a polyamine-mediated reaction. Its amino acid composition resembled that of a nucleolar phosphoprotein from Novikoff hepatoma ascites cells. The phosphoprotein stimulated rRNA synthesis 5-fold by RNA polymerase I within a nucleolar, ribosomal deoxyribonucleoprotein complex isolated from nucleoli of P. polycephalum. It was also identified as a component of the complex. It bound with high affinity and specificity to the palindromic ribosomal DNA of 38 X 106 Mr from P. polycephalum, which contained two coding sequences for 5.8S, 19S, and 26S rRNA. It also bound to three fragments of ribosomal DNA of Mr 21.2 X 106, 17.1 X 10", and 8.1 X 10", prepared by cleavage with restriction endonucleases HindIII, Pst I, and BamHI, respectively. All of these fragments included the symmetry axis of the palindromic ribosomal DNA. The phosphoprotein that had been treated with alkaline phosphataseagarose to hydrolyze the phosphate groups did not stimulate transcription and did not bind to ribosomal DNA or to the restriction fragments indicated. We have thus isolated a specific phosphoprotein with the capacity to stimulate transcription of a specific set of genes in a eukaryote. These findings suggest that this phosphoprotein may specifically regulate functions of ribosomal DNA in a manner dependent on its degree of phosphorylation.
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The polyamines, putrescine, spermidine, and spermine, have been implicated in the control and promotion of cell growth processes (1, 2) . One favored proposal has linked the polyamines to the metabolism (1), structure (3) , and function (3, 4) of the nucleic acids. Specifically, much correlative evidence implicates their involvement in stimulating rRNA synthesis although evidence for a causal relationship has not been conclusive (for reviews see refs. 1, 2, and 5).
Recently the polyamines were found to selectively stimulate the phosphorylation of two nonhistone acidic proteins in isolated nucleoli from the slime mold Physarum polycephalum (6) . Numerous investigations support the general notion that genetic regulatory molecules of eukaryotic cells are to be found among the nonhistone chromosomal proteins (7) . The two nucleolar phosphoproteins were of major interest for further investigation of putative regulation of rRNA synthesis because the genes that code for rRNA in P. polycephalum reside on a satellite DNA that has been extensively characterized. This MATERIALS AND METHODS Preparation of Nuclei and Nucleoli. Nuclei were isolated from 48-hr shake cultures of microplasmodia (6, 11) . Slime-free nucleoli and nuclei were isolated by the Percoll (Pharmacia) gradient method (10) from synchronous surface cultures [18] [19] [20] [21] hr after provision of nutrient medium (8) .
Purification of the 70,000 Mr Phosphoprotein. The total nuclei isolated from 400 ml of wet-packed microplasmodia were incubated at 30°C in 200 ml of a phosphorylation mixture (6) . In some experiments the mixture contained sodium [32p]-phosphate (5.18 X 107 cpm/jimol) or ["y-32P]ATP (3.18 X 106 cpm/,umol) (Amersham). After 1 hr the reaction mixture was chilled to 40C and Na2MoO4 (Sigma) was added to 30 mM concentration to inhibit acid phosphatase activity.
All succeeding procedures were conducted near 4°C. Dialysis buffers were changed four times. The nuclei were collected by centrifugation at 12,000 X g for 10 min, then were resuspended in 240 ml of 0.35 M NaCl/0.25 M Tris-HCI, pH 7.5/1 mM Na2MoO4/0. 1 mM phenylmethylsulfonyl fluoride. Nuclei were ruptured by shaking 40-ml portions of the suspension with 20 ml of glass beads, 0.75-1.0 mm diameter, for 90 sec at high speed in a Braun homogenizer. Nuclear debris and the beads were removed by centrifugation for 10 min at 20,000 X g. The supernatant solution was then centrifuged for 1 hr at 100,000 X g. The resulting solution was dialyzed against 20 vol of 0.4 M NaCl/10 mM Tris-HCI, pH 7/1 mM Na2MoO4/0.1 mM phenylmethylsulfonyl fluoride. The dialyzed sample was applied to a column of Bio-Rex 70 (Na+ form, Bio-Rad) as described (12 Isolation of rDNP Complex, DNAs, and rRNA. Where indicated, the rDNP complex was isolated by EDTA solubilization of chromatin from isolated nucleoli as described (10) . Total nuclear DNA, [3H]rRNA, and unlabeled rRNA were prepared from P. polycephalum as described (13) . rDNA was extracted from isolated nucleoli and further purified according to Vogt and Braun (8) .
Enzyme Assays. RNA polymerase I (EC 2.7.7.6) activity in the rDNP complex was assayed as described (10, 14 (22) or by estimation of the mass recovered from amino acid analyses. Purification of the phosphoprotein was monitored by analytical polyacrylamide gel electrophoresis in NaDodSO4 (6, 23) ; the same method was used to determine the Mr of the phosphoprotein polypeptide subunits. The approximate native Mr of the purified phosphoprotein was estimated by Sephadex G-200 gel filtration (24) . Total DNA from Escherichia coli and calf thymus DNA (Serva) were purified through CsCl gradients as described (13) . DNA was determined by the modified diphenylamine reaction (13) . Methods for competition experiments using RNA-DNA hybridizations have been described (10, 13) . All buffers were adjusted to the indicated pH at room temperature.
RESULTS
Properties of the Phosphoprotein. The apparent native Mr of the phosphoprotein was 139,000, as determined by Sephadex G-200 chromatography with marker proteins of known molecular weight (data not shown). The subunit Mr of the phosphoprotein was approximately 70,000, as determined by gel electrophoresis in 0.1% NaDodSO4 (6) . Table 1 shows the amino acid composition of the phosphoprotein. The amino acid composition of the phosphoprotein from P. polycephalum resembled that of protein C-14, derived from rat hepatoma cells by James et al. (25) . The composition of protein C-14 is reproduced for comparison.
Association of Phosphoprotein with rDNP Complex. When isolated nucleoli from P. polycephalum were incubated in a phosphorylation mixture containing ['y-32P]ATP and the polyamines, the rDNP complex isolated from these nucleoli had the 32P-labeled 70,000 Mr phosphoprotein associated with it spermidine, and spermine (6) . The nucleoli were collected by centrifugation at 1500 X g for 10 min and were solubilized in 0.5 ml of a buffered EDTA solution (10) containing 1 M urea/10 mM Na2MoO4. The soluble fraction and the insoluble nucleolar debris were separated by centrifugation at 3000 X g for 10 min. Total protein in the insoluble debris was solubilized by NaDodSO4phenol extraction (26) , dialyzed (26) , and fractionated by NaDodSO4/polyacrylamide rod gel electrophoresis (0). The rDNP complex was isolated by sucrose gradient sedimentation from the nucleolar fraction that was soluble in buffered EDTA solution. The isolated rDNP complex was extracted with NaDodSO4/phenol (26), dialyzed (26) , and also fractionated on a polyacrylamide gel (0). (B) The second portion of nucleoli was similarly treated except that no polyamines were supplied to the phosphorylation mixture. Phosphoproteins associated with the rDNP complex (0) and the insoluble nucleolar debris (0) are shown. After electrophoresis, all gels were sectioned into 2-mm slices and solubilized in 30% H202, and radioactivity was measured. (Fig. 1A) . The rDNP complex derived from nucleoli similarly treated in a phosphorylation mixture lacking the polyamines did not contain any proteins that were appreciably labeled (Fig.  1B) . Moreover, the insoluble nucleolar debris resulting from lysis of nucleoli to release the rDNP complex did not contain the [32P]phosphoprotein in either of these two experiments (Fig.  1) . Thus, the [32P]phosphoprotein appeared to be associated with the rDNP complex in nucleoli and its phosphorylation was polyamine dependent in the phosphorylation reaction.
To ascertain whether the phosphoprotein could bind in vstro to the rDNP complex, we mixed purified [32P]phosphoprotein (270 ng, 7440 cpm/,ug) with the lysate from EDTA-solubilized nucleoli prepared from 25 surface cultures prior to purification of the rDNP complex by sucrose gradient centrifugation (10) . Subsequent isolation of the rDNP complex in linear 15 (10) . This result was corroborated by data shown in Fig.  3 . To determine whether this fidelity of rRNA synthesis extended to the case of stimulated transcription in the presence of the phosphoprotein, similar hybridization studies were conducted. Fig. 3 (17) . The specific restriction fragments that were prepared and labeled by nicktranslation are shown in Fig. 4 .
The binding results are summarized in Table 2 . DNA binding by the phosphoprotein occurred with intact rDNA (trial la). This binding was not altered by 3 (27) 
